ABSTRACT Since 2014, the Global Initiative for Asthma (GINA) has stated that asthma control should be measured using four questions concerning diurnal and nocturnal symptoms, activity limitation, and rescue medication use. We assessed how asthma control by this definition correlates with airway inflammation and quality of life.
Introduction
The treatment and management of asthma with the aim of achieving and maintaining control is now well established [1, 2] . To be beneficial in clinical practice, the assessment of asthma control should ideally be easily applicable and reliable, thereby allowing physicians and patients to make informed decisions at the point of care. However, asthma control is a multidimensional measure with features that are complementary to each other, including clinical, functional and disease activity [3] . Hence, a quick and easy assessment may not offer a comprehensive or precise estimation of asthma control.
The concept of asthma control is evolving, which is in line with recent evidence reflecting the heterogeneity of asthma and the various dimensions of disease activity. In this regard, the Global Initiative for Asthma (GINA) strategy since 2010, following the recommendations of an American Thoracic Society/European Respiratory Society task force, has suggested that measuring asthma control should include two domains: current clinical control and future risks [1] . In the 2014 revised version of the GINA strategy [4] , the current limitations domain was replaced by "symptom control", which, as in many other asthma control questionnaires [5] [6] [7] , includes daytime symptoms, nocturnal waking due to asthma, rescue medication needed for symptoms relief and any activity limitation due to asthma. The domain of future risks, now renamed "risk factors for poor outcomes", comprises predictors of adverse outcomes such as exacerbations, exposures, comorbidities, low forced expiratory volume in 1 s (FEV1) and blood or sputum eosinophilia, among others. In addition, the GINA documents [2, 8] emphasise that both control domains should be assessed periodically with particular attention paid to risk factors for exacerbations, fixed airflow limitations and side-effects from treatment. There is no mention, however, of measurements of quality of life.
The evaluation of quality of life and airway inflammation together with asthma control has been scarcely studied. In a previous report, VOLBEDA et al. [9] showed that the level of asthma control, based on a composite measure of clinical parameters used in the GOAL (Gaining Optimal Asthma ControL) study [10] , is associated with inflammatory markers of eosinophilic inflammation, with little difference between totally controlled and well-controlled asthma. Although it seems obvious to assume that the better the asthma control is, the better the quality of life will be, it is unknown whether this assumption is true for the different levels of asthma control according to the GINA criteria for current symptom control [4] .
Methods

Study design
This cross-sectional study involved one visit to the research clinic, where written informed consent was obtained and patients who fulfilled the inclusion criteria were enrolled in the study. Asthmatic outpatients were consecutively recruited from their routine clinical visits. Asthma control according to the GINA guidelines [4] , quality of life, spirometry on treatment and induced sputum were simultaneously assessed.
Subjects
Adults aged 18-70 years with a diagnosis of asthma who visited the pulmonary outpatient clinics of one academic institution (Federal University of Santa Catarina, Florianópolis, Brazil) and one nonacademic institution (Respirar Centro de Medicina Respiratoria, Florianópolis, Brazil) were consecutively recruited and screened for possible participation in the study. All potential participants had been receiving asthma treatment for at least 1 year and were lifelong nonsmokers or ex-smokers (cessation for >1 year and smoking exposure <10 pack-years). The asthma was objectively confirmed by the demonstration of variable airflow limitation or of methacholine causing a 20% fall in FEV1 from baseline (PC20 methacholine <8 mg·mL −1 ). None of the participants had other lung diseases, a respiratory infection in the previous 1 month or a recent asthma exacerbation within the previous 6 months. The local medical ethics committee approved the study protocol and all subjects gave their written informed consent.
Procedures
Subject characteristics were documented using a structured questionnaire, control of asthma was assessed according to the GINA 2014 criteria [4] and quality of life was determined using the Standardised Asthma Quality of Life Questionnaire (AQLQ(S)) [11] .
Allergy skin tests were performed by the modified skin prick technique [12] using 14 common allergen extracts. Spirometry was performed on treatment according to the American Thoracic Society standards [13] before and 10 min after salbutamol 200 µg inhaled through an Aerochamber (Trudell Medical, London, ON, Canada). Reference values were obtained from CRAPO et al. [14] . Methacholine inhalation tests were carried out using the tidal breathing method [15] .
The AQLQ(S) comprises 32 questions divided into four domains (symptoms, emotional function, environment stimuli and activity limitation). Responses to each question were graded on a seven-point scale, where 1 indicates maximum impairment and 7 indicates no impairment. The total score is obtained by averaging the responses to the 32 questions and the scores of the individual domains are obtained from the mean of the responses to the relevant questions. Quality of life was assessed using a cross-cultural adaptation for the Portuguese spoken in Brazil of the standard self-administered AQLQ(S) [16] . The AQLQ(S) minimum clinically important difference is ⩾0.5 units [17] . The magnitude of quality of life impairment was considered minimal or no impairment if the total score was ⩾6, moderate/some impairment if the total score was ⩾3 and <6, and severe impairment if the total score was <3 [18] .
Sputum was induced and processed as previously described [19] . The sputum was labelled eosinophilic if sputum eosinophils were ⩾3.0%, neutrophilic when sputum neutrophils were ⩾60.0% and paucigranulocytic if neither [20] .
Analysis
Descriptive statistics were used to summarise the demographic characteristics of the patients. Continuous data were summarised by the arithmetic mean and standard deviation or 95% confidence interval. Variables with a skewed distribution (total cell count, percentage eosinophils and percentage lymphocytes) were log transformed before analysis. Differences between groups were evaluated by ANOVA. For comparisons of the AQLQ(S) score, differences between groups were evaluated by univariate analysis adjusted for age. The significance of differences between groups was determined in the post hoc analysis using Bonferroni's test. Differences between categorical variables were analysed by the Chi-squared test.
The relationship between quality of life and sputum inflammatory cells was analysed using Pearson's correlation coefficient. All tests were two-tailed and significance was accepted at the level of 95%. Statistical analysis was performed using SPSS for Windows version 22.0 (SPSS, Chicago, IL, USA).
Results
We recruited 130 consecutive subjects with asthma and 113 of these patients were eligible for inclusion in the study. Asthma was controlled in 43 (38.1%) subjects, partly controlled in 37 (32.7%) subjects and uncontrolled in 33 (29.2%) subjects (table 1) . Except by age, which was significantly lower in subjects with controlled asthma (mean 38.1 versus 46.2 ( partly controlled asthma) versus 46.7 (uncontrolled asthma) years; p=0.01), there were no differences between the clinical characteristics of the subjects from the three control groups. Functional characteristics, as expected, differed significantly between groups. The mean pre-bronchodilator FEV1 % pred and the FEV1/forced vital capacity ratio were 90.0% (95% CI 85.9-94.1%) and 0.77 (95% CI 0.74-0.80), respectively, in the controlled asthma group; 81.2% (95% CI 75.8-86.7%) and 0.70 (95% CI 0.66-0.73), respectively, in the partly controlled asthma group; and 66.8% (95% CI 60.9-72.8%) and 0.63 (95% CI 0.59-0.67), respectively, in the uncontrolled asthma group ( p<0.001 for all between-group comparisons with uncontrolled asthma, and p<0.05 for the comparison between controlled and partly controlled asthma).
Asthma control, airway inflammation and quality of life
The majority of subjects with controlled asthma (67.4%) had paucigranulocytic sputum. Eosinophilic airway inflammation was present in 25.2%, 35.1% and 33.3% of the subjects with controlled, partly controlled and uncontrolled asthma, respectively (supplementary figure S1). Multiple linear regression analysis showed that asthma control, but not FEV1 or sputum eosinophilia (supplementary figure S2) , was independently associated with quality of life (R 2 =0.510, p<0.001), explaining 50% of the variability in the AQLQ(S) score.
Asthma control versus asthma-specific quality of life score The mean values for the overall AQLQ(S) score were significantly higher in subjects with controlled asthma (6.1, 95% CI 5.7-6.4) than in subjects with partly controlled asthma (5.3, 95% CI 4.9-5.7) or those with uncontrolled asthma (3.6, 95% CI 3.2-4.0) ( p<0.002) (figure 1). The mean differences between groups for the overall AQLQ(S) scores were both clinically important and statistically significant for the comparisons between controlled asthma versus partly controlled asthma, controlled asthma versus uncontrolled asthma and partly controlled asthma versus uncontrolled asthma. The same results were The impact of asthma control on quality of life as measured by the magnitude of impairment was significantly different between the levels of control ( p<0.001) (figure 1). Although most subjects (58.1%) with controlled asthma achieved an AQLQ(S) score ⩾6 (minimal or no impairment), the remaining patients (41.9%) had moderate/some impairment (AQLQ(S) score <6 and ⩾3), which was due to impairments in activities (figure 2), environmental exposure (figure 3) and symptoms ( figure 4) . Additionally, some to moderate limitation of strenuous activities (e.g. hurrying, exercising, running up the stairs, sports) was reported by 40.6% of 64 asthmatic subjects who had previously reported not having any activity limitations in the previous 4 weeks. Asthma symptoms when exposed to smoking, air pollution or dust were reported by 20% of subjects who denied having asthma symptoms in the last 4 weeks. Some to moderate discomfort or distress caused by coughing was reported by 18.6% of subjects with controlled asthma.
Discussion
The results of the present study, which aimed to determine the relationships between quality of life and airway inflammation with asthma control as defined by the most recent GINA guidelines [2] , showed three main findings. First, the majority of subjects with controlled asthma were found to have paucigranulocytic sputum, suggesting control of inflammation. Second, although the AQLQ(S) scores differed significantly between the three levels of asthma control, ∼40% of subjects with controlled asthma were found to have moderate/some impairment, and this impairment was chiefly due to activity limitations and environmental stimuli exposure. Third, symptom control, but not lung function or sputum eosinophilia, was shown to correlate with quality of life, explaining half of the variability in the AQLQ(S) score. These results indicate that, despite the good correlation between current asthma symptom control as defined by GINA and the control of airway inflammation, measuring quality of life might add useful information, particularly regarding exercise limitations and environmental exposures.
To the best of our knowledge, this is the first study to examine the associations between the definition of current symptom control by the present GINA criteria, quality of life and sputum cellularity. In the present study, nearly seven in 10 subjects with controlled asthma had paucigranulocytic sputum, suggesting that negative responses to the four questions of the present GINA symptom control criteria are good indicators of the control of airway inflammation. In contrast, in subjects with partly controlled or uncontrolled asthma, the presence of symptoms was not an indicator of airway inflammation or eosinophilic inflammation. Accordingly, one-third of subjects with partly controlled or uncontrolled asthma had paucigranulocytic sputum, suggesting that in these scenarios, other underlying physiopathologies or causes may explain the symptoms. Interestingly, the proportion of eosinophilic sputum was similar between asthma control groups (25.2%, 35.1% and 33.3% in subjects with controlled, partly controlled and uncontrolled asthma, respectively). This is not unexpected [9] , and it is in keeping with a previous report showing that the ability of clinical assessment to predict the presence and type of inflammation is poor [21] . Taken together, these results suggest that in partly controlled and uncontrolled asthma, induced sputum adds relevant information regarding the current level of asthma control, despite the recognised limitation of induced sputum not being easily available in clinical practice.
This is also the first study to demonstrate the impact of asthma in patients with controlled asthma. In the present study, ∼40% subjects with controlled asthma had moderate/some impairment, largely due to activity limitations and environmental stimuli exposure. Although both the present GINA symptom question [2] and the AQLQ(S) [5] assess activity limitations, the AQLQ(S) is more comprehensive as 11 out of 32 questions refer to activity limitation, describing different types and intensity of activity as well as the degree of limitation. Thus, the current way of examining exercise limitations when using the GINA criteria may be imprecise because of the lack of offering a standardised detailed way of what is intended from the question "In the past 4 weeks, has the patient had any activity limitation due to asthma" [2] . Our results also imply that asthma symptoms triggered by environmental stimuli indicate lack of control and therefore should be added to the criteria of control. Overall, these results point to the relevance of including quality of life as another dimension of asthma control to help physicians make decisions regarding changes in treatment, particularly in relation to patients with controlled or partly controlled asthma. This information might be clinically relevant because in order to be able to make clinical decisions at the point of care, the treating physician needs tools that clearly indicate the differences between the levels of control in a given patient.
Accordingly, discerning between controlled asthma and uncontrolled asthma is easily done in clinical practice, leading the treating physician to step-down treatment in the former and step-up treatment in the latter. In contrast, the difference between controlled and partly controlled asthma according to the present GINA criteria [4] may not be so easily determined in a clinical setting, despite being objective. New parameters that help identify potential impairments in partly controlled asthma or even in controlled asthma could be an asset to help guide decisions on asthma treatment. However, the applicability of using quality of life in this context needs to be further investigated in longitudinal studies, as the present study is limited by its cross-sectional nature.
In addition, our results differed from those of previous studies [9, 18] by showing that patients with partly controlled asthma have worse quality of life than those with controlled asthma since the impact on quality of life with partly controlled asthma varies from some to severe impairment. In particular, measuring quality of life shows that the majority of asthmatic subjects with partly controlled disease have moderate impairment. Differences in the definition of control and study populations may account for these discrepancies; however, despite these differences, our findings are important because the decision to change asthma treatment in patients with partly controlled asthma may be better implemented knowing the impact on quality of life. Nevertheless, these results need to be confirmed by longitudinal interventional studies.
The correlation between asthma control and quality of life has been previously investigated using various validated control questionnaires or composites [9] , but not in relation to GINA current symptom control [4] . Consistent with previous reports, our results showed that the better the control is, the better the quality of life will be. However, in contrast to previous studies [9, 18] , our results have shown a significant and clinically important difference between controlled asthma and partly controlled asthma, which may be due to differences in the study population and/or the definition of asthma control.
In the present study, the definition of current control did not include lung function, although this does not seem to be the reason for the differences in quality of life between controlled asthma and partly controlled asthma. When stricter criteria were used as the definition of current control by a former edition of GINA guidelines (which included spirometry on treatment) [22] , the magnitude of the differences remained similar (data not shown). There are limitations in the present study. The cross-sectional design does not allow for the establishment of the longitudinal stability of the results. Additional longitudinal and interventional studies are required to address this issue. Therefore, our results should be interpreted with caution.
In conclusion, we have shown that the present GINA definition of current symptom control in the majority of patients is associated with paucigranulocytic sputum and better quality of life, suggesting that the GINA definition of control reflects control of airway inflammation. However, when asthma is partly controlled or uncontrolled according to the GINA criteria, airway inflammation may be eosinophilic, neutrophilic or absent and in this situation measuring airway inflammation may be beneficial. In addition, the results suggest that including quality of life as another dimension of asthma control may add useful information.
